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Vaccinia virus uses A36 to recruit the actin polymerization effectors Nck and N-WASP to drive actin tail forma-
tion. Now, Dodding and Way identify functional orthologs of A36 in other vertebrate poxviruses that harbor
varying numbers of Nck-binding sites and can substitute for A36 despite no sequence homology.The host cell actin cytoskeleton is one of
the prime targets of pathogens during
initial contact, entry, or intra- and intercel-
lular dissemination. Vaccinia virus, a close
relative of the smallpox virus, was discov-
ered to induce the formation of actin
comet tails almost 15 years ago (Cudmore
et al., 1995) and has since developed into
a key model system to study signal trans-
duction pathways leading to actin cyto-
skeletal reorganization at the plasma
membrane. Vaccinia virus is a member
of the genus Orthopoxvirus, one out of
eight genera in the subfamily Chordopox-
virinae. The replication cycle of vaccinia
virus is quite complex, as it gives rise to
two variants of infectious progeny: the
intracellular mature virus (IMV), which
is only released upon cell lysis, and
the extracellular enveloped virus (EEV).
IMV wrapped by membrane cisternae
develops into intracellular enveloped virus
(IEV) and is transported on microtubules
to the cell periphery. Upon fusion withthe plasma membrane, the virus now
termed cell-associated extracellular virus
(CEV) induces the polymerization of actin
filaments into an actin tail, propelling the
virus away from the surface into neigh-
boring cells or until release as EEV (Rob-
erts and Smith, 2008). IEV delivery to the
cell periphery requires the microtubule
motor Kinesin-1, which binds the integral
viral membrane protein A36. Remarkably,
the same protein becomes localized
underneath the extracellular CEV, disso-
ciates from Kinesin-1, and upon tyrosine
phosphorylation by Src and Abl family
kinases, switches to signaling actin poly-
merization (Mu¨nter et al., 2006). Phos-
phorylation on two key residues in A36,
Y112 and Y132, creates binding sites for
the Src homology 2 (SH2)—domains of
Nck and Grb2 adaptor proteins, respec-
tively, which physically link to the actin-
binding proteins WIP and N-WASP (Fig-
ure 1). N-WASP activates the nucleation
of actin filaments through interactionwith actin and Arp2/3 complex, a seven-
subunit complex driving dynamic actin
assembly during migration, adhesion, or
vesicle trafficking (Goley and Welch,
2006). Both Nck and N-WASP are essen-
tial for vaccinia actin tail formation, and
although Grb2 is less important, it stabi-
lizes the complex beneath the virus
(Snapper et al., 2001; Weisswange et al.,
2009).
The described signaling pathway is so
far thought to be conserved within the
genus Orthopoxvirus. However, actin tails
were recently also observed in two other
members of the poxvirus family: Yaba-
like disease virus (YLDV) and myxoma
(Duteyrat et al., 2006; Law et al., 2004),
although the underlying mechanism re-
mained unknown due to the absence of
an obvious A36 ortholog in these viruses.
In this issue of Cell Host & Microbe, Dod-
ding and Way have solved this puzzle by
identifying the gene encoding the func-
tional homolog in YLDV, 126R (Doddingecember 17, 2009 ª2009 Elsevier Inc. 497
Figure 1. No Need to Reinvent the Wheel
Yaba-like disease virus (YLDV), vaccinia virus (VACV), enteropathogenic E. coli
(EPEC), or nephrin receptors all recruit Nck SH2/SH3-adaptor proteins in order
to induce localized N-WASP-dependent actin polymerization. This induces
actin tails or pedestals for the viruses and EPEC and serves as essential
prerequisite of slit-diaphragmmorphogenesis and maintenance by podocytes
in the kidney. The YLDV receptor YL126 identified by Dodding andWay (2009)
harbors at least five binding sites for the adaptor Nck (pointing right) and one
for the adaptor Grb-2 binding site (pointing left), both of which are also re-
cruited by the VACV factor A36. Enteropathogenic E. coli (EPEC) use a type
III secretion system to inject the translocated intimin receptor (Tir) harboring
two phosphorylated tyrosine residues, one for Nck binding (Tyr474, pointing
right) and one site with unknown specificity (Tyr454) (Mu¨nter et al., 2006). It is
suggested that the pathogens mimic an existing pathway of adaptor recruit-
ment downstream of host receptors as proposed, e.g., for nephrin (right,
murine sequence) that harbors three independent Nck-binding sites and oper-
ates upstream of Nck in kidney podocytes (Jones et al., 2006). PM, plasma
membrane; V, Verprolin homology domain (equal to WASP homology 2
[WH2]); P, proline-rich; WBD, WASP-binding domain; WH1, WASP homology
1; B, basic domain; CRIB, Cdc42/Rac-interactive binding; Auto, autoinhibitory
domain; C, connector region; A, acidic domain.
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cinia. The gene product
YL126 also harbors an
N-terminal transmembrane
domain (like A36) and is of
almost identical size. Re-
markably, however, the cyto-
plasmic parts of the two
genes display a sequence
identity of only 15%. Yet,
YL126 harbors at least five
individual tyrosine residues,
each capable upon phos-
phorylation of interacting
with Nck, and one Grb2-
binding site. Furthermore,
126R engineered into the
vaccinia genome lacking
A36R rescued actin tail for-
mation. This proved conser-
vation of all critical A36 func-
tions in the viral life cycle,
including the contribution to
IEV transport to the cell
periphery. Even more impor-
tant, YL126-mediated actin
tail formation was abolished
in cells lacking Nck or
N-WASP proteins, providing
strong evidence for functional
conservation of the key
elements of the host signaling
pathway that is usurped.
Nevertheless, detailed anal-
yses of actin tail formation
by the hybrid virus or YLDV
as compared to vacciniaalso uncovered interesting differences.
First, YLDV-induced actin tails had, on
average, a shorter lifetime and moved
less directionally than those induced by
vaccinia virus. This difference might
account for less-efficient cell-to-cell
spreading of A36R-deficient vaccinia ex-
pressing YL126 compared to wild-type
virus. Conversely, the velocity of actin-
based virus movement at the cell surface
was virtually identical for wild-type and
YL126-complemented vaccinia or wild-
type YLDV. This, together with the notion
that YL126 harbors at least five times
more Nck-binding sites than its vaccinia
ortholog, might suggest the efficiency of
N-WASP-induced actin nucleation and
elongation to operate at its optimum,498 Cell Host & Microbe 6, December 17, 200which cannot be boosted simply by in-
creasing the binding sites of upstream
regulators. Surprisingly, however,
increased Nck-binding sites in YL126
did not cause any apparent increase in
Nck accumulation at the viral surface,
although the reason for this remains
unclear.
In another recent study by Way and
colleagues, light was shed on the
complexity of molecular events accompa-
nying the recruitment of the actin nucle-
ation complex below the virus. It was
reasonable toanticipate thatmultiple inter-
actions between all recruited components
(Nck, WIP, N-WASP, and Grb2) lead to
formation of a signaling complex that
continuously exchanges below the virus9 ª2009 Elsevier Inc.as it moves forward (Weiss-
wange et al., 2009). However,
the first surprise was highly
variable exchange rates
observed for the different
complex components, pro-
ving an uncoupling between
their recruitment and complex
formation at the viral surface.
In addition, Weisswange
et al. (2009) demonstrated
that active actin polymeriza-
tion drives turnover of the
upstream components of the
complex, much as if a running
engine took care of continu-
ously maintaining ignition. In
this system, removal of Grb2
reduces complex stability
on the virus and increases
velocity, whereas in YLDV,
Grb2 positively correlates
with viral speed (Dodding and
Way, 2009). The extent to
which an increase in Nck
binding sites on YLDV influ-
ences its exchange rates on
the virus remains to be deter-
mined. Likewise, testing how
modulating the binding sites
of the complex components
with each other or with the
viral surface can modify addi-
tional motility parameters
suchasvelocity,directionality,
or persistence will continue
to fertilize our thinking on
signaling and mechanics of
actin-based motility.
The study by Dodding and
Way also demonstrates howgain of insight (concerning YL126 func-
tion) can rapidly unfold a whole new
avenue of research. Identification of
YL126 homologs in members of other
poxvirus genera revealed proteins both
capable of IEV targeting and harboring
potential Nck-binding sites, and indeed,
six out of seven complemented A36
function in vaccinia, again in a Nck/
N-WASP-dependent fashion. Finally,
members of three genera were shown to
induce actin tails as wild-type viruses.
Thus, this study provides striking
evidence that actin tail formation is con-
served in vertebrate poxviruses, exploit-
ing a host cell signaling complex destined
to provoke focal Arp2/3-dependent actin
assembly at the plasma membrane.
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Mu¨nter et al. (2009) demonstrate that malaria parasite movement is highly complex, involving cycles of fast
sprints and slow glides over their substrate. This ‘‘stick-and-slip shuffle’’ is controlled by the parasite’s
secreted adhesive proteins and their interaction with the dynamic actin cytoskeleton.Eukaryotic parasites belonging to the
genus Plasmodium infect many verte-
brates and are responsible for the devas-
tating malaria disease in humans. These
unicellular parasites are spreadbymosqui-
toes, and during their complex life cycles,
the parasites burrow through insect
and vertebrate tissues, seeking particular
organs and cells types they require to
thrive. For most of their life cycle, Plasmo-
dium parasites lack flagella and cilia or the
amoeboid cell movements that power the
movement of many motile eukaryote cells.
The parasites instead rely upon a unique
system whereby they secrete sticky
membrane-spanning adhesins from the
front of the cell that are then pulled rear-
ward via an internal actomyosin engine to
propel the cell forward. This system of
‘‘gliding motility’’ is of great interest, as it
may contain many potential targets for
drug- and immune-based therapies. In
this issue of Cell Host & Microbe, Mu¨nter
et al. reveal that the movements of sporo-
zoite-stage Plasmodium parasites are
much more dynamic than previously
thought. Rather than gliding slow and
steady on a simple carpet of secreted ad-
hesins,sporozoitescontact thesubstratum
atmultiple points along the cell axis. These
contacts can be made, broken, and pulled
aroundsuch that the sporozoitescan sprintrapidly over short distances. Furthermore,
Mu¨nter et al. demonstrate that the
dynamics of actin polymerization and its
interaction with surface adhesins govern
these complex movements.
Sporozoites are the marathon runners
of the Plasmodium life cycle. Their race
begins upon bursting from oocysts in the
mosquito gut wall and, using gliding
motility, they find and penetrate the sali-
vary glands and await injection into the
vertebrate host. From the bite site, sporo-
zoites migrate through the dermis of the
vertebrate host until the blood stream is
reached. After hitchhiking to the liver, the
sporozoites penetrate the organ and
bore through several hepatocytes before
choosing one to set up shop in. Following
1 or 2 weeks of feasting, the sporozoite
divides many times, producing thousands
of merozoites. These small, invasive cells
then begin infecting erythrocytes, but
unlike the sporozoites, merozoites are
relatively short lived and use gliding
motility only to invade the erythrocytes.
Every few days, the parasites divide,
producing dozens more merozoites that
invade new erythrocytes, such that
over a relatively short period, the host
organism begins to carry a huge parasite
burden, leading to symptomatic malaria.
Meanwhile, a small number of blood-stage parasites differentiate into gameto-
cytes, which, when taken up by a feeding
mosquito, morph into gametes that mate
within the insect gut. Interestingly, the
male gametes have flagella, the only
stage of the life cycle that bears this
classic eukaryotic organelle of motility.
The product of the mating is an ooki-
nete-stage parasite that uses gliding
motility to tunnel into the insect gut wall
before forming an oocyst and undergoing
meiosis that spawns thousands more
sporozoites.
The new insights into sporozoitemotility
provided byMu¨nter et al. were dependent
on two specialized microscopy tech-
niques: reflection interference contrast
microscopy (RICM) and traction force
microscopy. With RICM, the very small
distances between parts of a cell body
adhering to and lying just above the
substrate can be visually differentiated,
which is very useful for seeing how cells
move. Mu¨nter et al. noted that some of
the worm-like sporozoite cells cruised
slowly and steadily over substrate, while
others would repeatedly change gears
and move with surprisingly fast bursts of
speed over distances not exceeding the
cell length (Figure 1A). The sporozoites
did this by first attaching to the substrate
with adhesive patches at both poles ofecember 17, 2009 ª2009 Elsevier Inc. 499
